Efecto supresor de residuos de aceituna y de hongos saprobios sobre el crecimiento de Verticillium dahliae y su repercusión en el peso seco de tomate (Solanum lycopersicum L.) The conidia number of V. dahliae decreased when grown on aqueous extract of olive residue, autoclaved or filtered through 0.45 micron filters after culture of the fungi. These results suggest not only the predominance of suppressive substances of a biological nature, but also the existence of nonbiological inhibitory substances. The olive residue decreased the negative effect of V. dahliae on shoot and root dry weight of tomato (Solanum lycopersicum L.), by the antifungal compounds present in the olive residue and by the antifungal substances produced by the antagonistic saprophytic fungi grown in this residue.
Introduction
Verticillium dahliae Kleb. is a destructive vascular wilt-causing fungus with worldwide distribution. In recent years, the spread of Verticillium wilt in crops, especially in olive orchards, caused by the soil-borne pathogen V. dahliae, is often related to intensive modern farming of highly productive cultivars, planted at high densities, usually irrigated, and under a mechanised system (Rodríguez et al., 2011) . The disease causes serious economic losses to a large number of crops. There are no chemical treatments to control it. Thus, management strategies are focused on preventive measures; among those is the use of biological control practices, crop residues or compost soil amendments (Tjamos, 2000; Termorshuizen et al., 2006; Goicoechea et al., 2010) . Several antagonistic fungi applied either alone or together with compost significantly reduced the inoculum density of V. dahliae in the soil (Lima et al., 2008; Pantelides et al., 2009; Pascual et al., 2009 ).
The importance of the olive mill industry in
Mediterranean countries is well known and it is rapidly extending over other countries such as Australia, Chile, US and so on (D'Annibale et al., 2006) . The two-phase extraction system is the most widely used technology to obtain oil and generates a semi-solid organic waste (alpeorujo) which is then dried and further extraction is carried out using solvents to obtain an extra yield of oil and a dry olive mill residue (Vlyssides et al., 1998) . Due to its content of organic matter and mineral nutrients, this olive residue might be employed for agronomic purposes (Paredes et al., 1999; Bonanomi et al., 2006) . Studies carried out with olive residue have shown that it has antimicrobial and phytotoxic properties (Moreno et al., 1987; Perez et al., 1992; Martín et al., 2002) . A decrease in the phytotoxic effect of the olive residue can be achieved by inoculation with saprophytic fungi (Aranda et al., 2007; Sampedro et al., 2008) . Saprophytic fungi are able to mobilize nutrients, to degrade phytotoxic substances and to promote a more efficient use of the nutrients by the plant (Fracchia et al., 2000) . Some of the saprophytic fungi used in detoxification of olive residues, such as Trichoderma, and Fusarium have been used as antagonists against V. dahliae (Lima et al., 2008; Pantelides et al., 2009 ).
The aim of this work is to study the potential of olive residue to control Verticillium wilt of tomato, applied either alone or together with saprophytic fungi selected as antagonists of V. dahliae.
Material and methods

Materials
Olive mill dry residue was collected from an olive oil manufacturer (Sierra Sur S.A., Granada, Spain) and stored at -20 ºC until use. The main characteristics of olive residue were as follows: total organic carbon, 58.5%; total nitrogen, 1.87%; total phosphorus, 0.21%; lignin, 24.7%; cellulose, 18%; hemicellulose, 11.4%; total phenols, 2.65%; total lipids, 0.2%. The most abundant elements, the concentration in g kg -1 olive residue were: potassium, 30.5; calcium, 13.6; magnesium, 3.8; iron, 1.1; sodium, 0.17; copper, 0.07; zinc, 0.06 and manganese, 0.04. Aqueous extracts from olive mill dry residue were obtained by orbitalshaking of olive mill dry residue with distilled water in a proportion of 1:2 (w/v) for 8 h. The pH of the aqueous extract of the olive residue was 5.13. The extract obtained was filtered through several layers of cheesecloth; and this filtrate was used as a growth medium.
Seventy-one isolates from the genera: Aspergillus (11 species); Coriolopsis (2 species); Fomes (1 species); Fusarium (13 species); Mortierella (3 species); Olive residue and saprophytic fungi against Verticillium dahliae Mucor (3 species); Paecilomyces (2 species); Penicillium (10 species); Phanerochaete (1 species); Phlebia (2 species); Pleurotus (1 species); Poria (3 species);
Pycnoporus (1 species); Trametes (4 species); Trichoderma (10 species) and Wardomyces (4 species) genera were selected to test their antagonism against Verticillium dahliae Kleb. EEZ2 (in vitro experiments).
These fungi were grown on potato dextrose agar (PDA) slants at 25ºC for 7 days. Stock cultures of the fungi were stored in PDA slants at 4º C. Strains were provided by the Centro de Investigaciones Biológicas, CIB (Madrid, Spain), the University of Buenos Aires (Argentina) and by the fungal culture collection of the Estación Experimental del Zaidín (Granada, Spain).
In vitro experiments. Evaluation of saprophytic fungal antagonism to V. dahliae
The inhibitory ability of the saprophytic fungal strains against V. dahliae was evaluated by using the technique described by Ortiz and Orduz (2001) . A plug of V. dahliae culture was transferred to a Petri dish containing PDA. After incubation in the darkness at 25 ºC a 4mm plug cut out from the margin of a 5-dayold colony was transferred to plates with 15 mL PDA amended with 1.5 mL of aqueous extract of olive residue. The plates were incubated for 3 days and after that each antagonist strain was transferred 3 cm apart from of the V. dahliae. The dual cultures were incubated for 11 days under the same conditions and tested for in-vitro antagonistic activity against V. dahliae. and near-synchronous development of microsclerotia of V. dahliae was estimated using the Neubauer chamber (Neumann and Dobinson, 2003) .
Phytotoxicity experiments
The effect of the olive residue, alone and together with the saprophytic fungi Penicillium chrysogenum, 
Results
The percent mycelial growth inhibition of V. dahliae 
Discussion
Most of the studies on antagonistic microorganisms against V. dahliae have been focussed on soil fungi belonging to Trichoderma, Paecylomices Penicillium, Fusarium and Talaromyces genera (Tjamos and Fravel, 1995; Berg et al., 2005; Lima et al., 2008; Naraghi et al., 2008; Pantelides et al., 2009 (Cotxarrera et al., 2002; Reuveni et al., 2002) . Therefore, in these instances the suppressive effect was predominantly biological rather than chemical or physical in nature (Noble and Coventry, 2005; Malandraki et al., 2008 properties mainly due to its phenolic content (Moreno et al., 1987; Perez et al., 1992) . The existence of some saprophytic fungi that can change the chemical structure of the phenolic compounds of the olive residue have been also found (Aranda et al., 2007; Sampedro et al., 2007) . However, the possibility of the impli- On the other hand, it is known that the olive residue is toxic to plants and that the content of monomeric phenols of the olive residue seems to be responsible for phytotoxic properties (Martín et al., 2002) . Reductions of the phytotoxic effect of olive residue by the use of saprophytic fungi that decrease its phenolic content have been found (Aranda et al., 2007; Sampedro et al., 2008) . 
